Introduction
Chlorophyll fluorescence is a complex indicator of the photosynthetic reactions in chloroplasts (for re views, see ref. [1 -3] ). The complexity arises from the existence of various quenching mechanisms by which the fluorescence yield of chlorophyll in vivo is affected. In principal, one may distinguish between photochemical and non-photochemical types of fluorescence quenching. Bradbury and Baker [4] have suggested an experimental approach by which it is possible to differentiate between these two types of quenching: Applying a second, strong actinic illumi nation on top of any given fluorescence state, all photochem ical quenching may be temporarily re-m oved, allowing the determination of photochemical and non-photochemical components of total quench ing (light-doubling m ethod). F o r practical applica tions this method has been further developed by the use of modulation techniques [5 -8] . Recently, a par ticularly selective modulation fluorometer was intro duced, which allows the application of very intense actinic light at a very low level of measuring light, which by itself does not induce any variable fluores cence [8 , 9] . With this system quenching analysis by the so-called "saturation pulse m ethod" has become a practical tool in plant physiological work [10 -12 ] . It has been shown, that under appropriate conditions the photochem ical quenching determined by this method correlates well with assimilation rate [10] . H ow ever, recent work has also revealed that at high levels of m em brane energization a correction has to be applied: W eis et al. [11] showed that there is a kind of non-photochemical quenching which lowers the quantum yield of open PS II centers. Further m ore, when calculating rate from photochemical quenching it also has to be considered that cyclic electron flow around PS II may cause "non-linear photochemical quenching" [13] . These aspects call for more information on the differentiation between photochemical and non-photochemical quenching components by saturating light. While the saturation pulse method, as it is normally applied, considers only the peak fluorescence level reached after sever al hundred milliseconds, there is detailed kinetic in formation available from the rise kinetics during the pulse [9] . In the present study, the fluorescence rise kinetics upon onset of continuous illumination were meas ured under a variety of conditions, causing changes in the properties of photochemical and thermal phases. While we can confirm the essential findings of Delosme [14, 16] , additional information will be presented which may lead to a better understanding of the mechanism of non-photochemical quenching. plasts. With increasing intensity the time course is not only speeded up, but there is a remarkable change in curve characteristics, as additional phases and sub-phases may be distinguished.
Eventually, at very high light intensities a satu rated rise pattern is established. This pattern appears to represent basic properties of PS II, because it is observed as well in chloroplasts as in intact leaves of a great variety of plant species (see Fig. 2 ). To facili tate a discussion of the different rise components, it is necessary to introduce denotations for the various characteristic fluorescence levels (Fig. 3): A rapid initial rise from the Fc-level to a first inter m ediate level, I], is followed by a dip, D. The follow ing rise to a second intermediate level, I2, displays two subphases. Eventually, fluorescence increases from I2 to the peak-level, P (also denoted with F m in previous work).
In Fig. 4 the light intensity dependencies of the I ), I2 and P levels are plotted. The measurements were carried out with intact chloroplasts without addition of an artificial electron acceptor. First the P level saturates, then the I2 level, and only at considerably higher intensities there is saturation of the Ij level.
In order to test, whether the I] level is influenced by thermal reactions causing PS II acceptor reoxida tion, the rise kinetics were also measured at lower tem peratures. Fig. 5 shows a series of induction curves at m axi mal actinic light intensity with decreasing tem pera ture. In Fig. 6 the tem 
Discussion
By applying very high actinic light intensity, the fluorescence rise kinetics are clearly separated into a "photochem ical'' and a "therm al" part, as was al ready observed by Delosme [14] . While this author considered one homogenous "thermal phase" , the present results allow to differentiate between I r D. D -I2 (with two sub-phases) and I2-P. This differentia tion is essential, as the I2-P phase displays properties which are distinctly different from those of the m ajor "thermal phase" between Ij and I2 (see also discus sion below). As has become obvious from the light saturation characteristics, it is not possible to reach the maximal fluorescence yield within less than about 200 msec, however high the applied actinic intensity. This findings is important for practical applications, like with the saturation pulse method [5 -13] , where a short light pulse is used to determine the maximal fluorescence yield. With application of saturating flashes, in the jisec to msec time range, the maximal fluorescence can not be induced, a point which was not considered in a recent report [22] , A s was already noted by Delosme [14] , the rate with which the high fluorescence state is formed, is rem arkably independent of light intensity (see Fig. I B ) . H ence, a thermal step appears to limit this reaction. H ow ever, it may be noted as well that cool ing from 25 °C to 10 °C did not cause much slowing down of D -I2, which is significantly suppressed only at subfreezing tem peratures (see Fig. 6 ). Therefore, the term "thermal phase" is somewhat misleading, as it suggests a particular thermal control, which actual ly is not apparent. In the presence of D C M U , the I2-P phase is elimi nated, resulting in a lower peak level as compared to the control. The same change was found with addi tion of electron acceptors which are known to accept electrons from PS I. Considering the hypothesis of V ernotte et al. [15] , it appears likely that oxidized plastoquinone can quench fluorescence "statically" , i.e. independently from the "dynamic quenching" by photochem ical energy conversion at PS II reaction centers. H en ce, I2-P could reflect the reduction of plastoquinone, which at saturating light intensity should be determined by the rate of PQ H 2/PQ ex change at the Q B-protein [17, 23] and by the rate of P Q H 2-reoxidation via PS I.
The "thermal phase" described by Delosme [14] corresponds to the D -I2 rise in our study. In some of D elosm e's traces (e.g. Fig. 7b of ref. [14] ) one may distinguish a slower phase, which should correspond to our I2-P phase but this feature did not play any role in his discussion of the "thermal phase" . In this context it is curious to note that in future work, when reference to D elosm e's R-quenching was made, that part of the thermal phase was meant which corre sponds most likely to I2-P and not to D -I2 (see e.g. 2 ) The I2-P phase, which most likely reflects re moval of statical PQ-quenching, does not involve a change in photochem ical quenching. H ence, it should not be considered, when photochemical quenching is evaluated. Applying saturation pulses of about 40 msec duration would yield a maximal fluorescence level corresponding to I2 and, hence, the contribution of the I2-P phase would be elimi nated. Alternatively, as with a given species the con tribution of this phase to the total variable fluores cence is relatively constant, a corresponding correc tion could be made.
3) In principal, it would be advantageous not only to measure the maximal level of fluorescence ob tained in a saturation pulse but to resolve the rise kinetics. Additional information may be drawn from an evaluation of the different rise phases. 4 ) Although with the present state of information a detailed interpretation of the D -I2 transient is not possible, the presented results favour the conclusion that this part of the fluorescence rise is unlikely to reflect elimination of "norm al" photochemical quenching. Photochem ical quenching, involving electron transfer to Q A, should be completely sup pressed at I). In the following contribution, results will be presented which argue for a type of dissipa tive quenching which is correlated with a decreased rate of electron donation from the watersplitting en zyme system.
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